Objective: To assess the effectiveness of educational interventions in improving subjective cancer risk perception, and to appraise the quality of the studies.
INTRODUCTION
People newly diagnosed with cancer require education about the disease, available treatments and the potential consequences of treatment. A review by Mills and Sullivan 1 found that effective cancer education increased patients' control and involvement in their care, reduced psychological distress, and improved adherence to treatment. Although the ultimate goal of health education interventions is to positively influence health status, the indicators of success are often changes in intermediate outcomes, such as subjective perception of personal risk ("risk perception"), which are critical to the longer-term outcomes of cancer prevention and control. Perception of cancer risk has been found to be theoretically and empirically relevant in motivating cancer screening and risk reduction behaviours. [2] [3] [4] Research by Kreuter 5 6 concluded that people who underestimate their risk of developing cancer may be less likely to engage in health-protective behaviours, whereas those who overestimate their risk may worry excessively, overdo protective behaviours, and burden the health care system. Cancer risk perception is associated with health-related quality of life, including psychological adjustment, and health behaviours. 7 For example, Waters et al 8 found that high perceived cancer risk was associated with lower mental and physical health-related quality of life.
Kinsinger et al 9 observed that perceived risk of breast cancer was positively associated with depression, anxiety, and worry about cancer.
Despite the established importance of risk perception and the increasing number of educational interventions targeting risk perception for both cancer patients and people at risk of cancer, there is little research investigating the efficacy of these interventions. In 2006, a systematic review by Braithwaite and colleagues 10 examined the impact of genetic counselling for breast, ovarian, and colorectal cancer on a range of cognitive, affective, and behavioural outcomes. Based on evidence from controlled trials, the review concluded that genetic counselling does not influence risk perception; however, other evidence from prospective studies did suggest an increase in the accuracy of perceived risk over time. More recently, Albada et al. conducted a review specifically focused on the effects of tailored information about cancer risk, and screening interventions. 11 This review found that compared to standard information, tailored information using behavioural constructs and risk factors improved level of cancer risk perception.
No reviews have investigated the impact of all types of educational interventions on cancer risk perception. The aim of this systematic review and meta-analysis was to 1) assess the effectiveness of educational interventions on subjective cancer risk perception in the short and long-term, across all types of interventions and cancers, and 2) critically appraise the quality of the included studies.
METHODS
The protocol for this review was registered in the PROSPERO register (Registration number: CRD42012002861) http://www.crd.york.ac.uk/PROSPERO in August 2012. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines 12 were
followed to identify and screen publications, extract data and describe the systematic review protocol.
Inclusion criteria
Studies published in a peer-reviewed journal and that met all of the following criteria were included in the review:
 The study evaluated the impact of an educational intervention on cancer risk perception;
 The intervention was an educational intervention of any form including genetic counselling;
 The study assessed and reported personal cancer risk perception as a primary or secondary outcome;
 The intervention targeted people affected by cancer (cancer patients, cancer survivors), people who were at high or moderate risk of developing cancer, or who were referred to genetic counselling because of a personal or family history of cancer.
Exclusion criteria
We excluded studies that:
 involved only caregivers;
 were conducted only among the general population (i.e. not targeted at risk groups);
 were case studies, conference abstracts, systematic reviews or meta-analyses.
Search strategy
In Medline and adapted to other databases (see supplementary table 1 ). In addition, in order to examine how well melanoma was captured under the broader term of "neoplasm", we conducted a complementary search using "melanoma" as a MeSH term and text word. This was done to facilitate future work in our broader melanoma research programme.
Study selection
Study selection was conducted in two distinct rounds. In the first round, one reviewer (MD) screened all titles and abstracts for non-research articles, duplicates and ineligible publications such as single case reports, letters, commentaries, conference abstracts, or those focused on other topics.
Non-English abstracts were translated using Google Translator (http://translate.google.com.au/). In the second round, the full text of all remaining papers was examined independently by two reviewers (MD and CW). When there was disagreement, two external reviewers (NK and AC) were consulted and inclusion was agreed by consensus. The reference lists of all publications identified were examined for other potentially relevant papers not captured by the initial search strategy.
Data were extracted using a predefined data form developed using the PICOS (participants, interventions, comparators, outcomes, and study design) approach.
12
Appraisal and quality assessment A specific quality appraisal tool was used for each type of study design (prospective observational or randomised controlled trial (RCT)). Methodological quality was assessed independently by two reviewers (MD and CW). For RCTs, we used the Cochrane collaboration tool for assessing risk of bias. 13 It is a domain-based evaluation which is used to critically assess six domains of bias:
selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias. 13 For assessing the quality of prospective observational studies, we used the Quality Assessment Tool for Quantitative Studies, 14 which has been judged to be suitable to use for systematic reviews of effectiveness. 15 This tool includes 21 items separated into eight components: selection bias, study design, confounders, blinding, data collection methods, withdrawals and dropouts, intervention integrity and analysis.
Analysis of the effectiveness of the educational interventions
Synthesising the results of all the included studies was challenging because of the heterogeneity of study designs, populations, interventions and outcomes in the included studies. We synthesised the evidence according to how risk perception was reported in each paper (mean perceived risk, risk accuracy, risk rating), as it was assessed using different scales and presented in different ways across studies. We presented results separately for RCTs and prospective observational studies.
Results for both study types were presented as forest plots where possible; however a formal metaanalysis of results (i.e. to show a pooled effect) was performed only for RCTs due to the heterogeneous prospective observational study designs. We used Cochrane software RevMan5 16 to summarise the estimates of effect and to produce figures.
RESULTS

Literature search
We identified 3386 papers through database searching and 13 additional papers were located through manual searching (Supplementary figure 1 
Characteristics of included studies
Randomised Controlled Trials (n=12)
Ten RCTs were conducted among breast cancer patients and two among melanoma patients (Table   1 ). Sample sizes ranged from 40 to 545 participants, and the mean number of participants was 248.
Of the ten breast cancer RCTs, four tested the effect of genetic counselling or genetic risk assessment, [17] [18] [19] [20] Prospective observational studies (n=28)
Of the 28 prospective observational studies, 25 used a standard "pre and post" design 29-54 whereby all individuals were assessed before and after participation in the intervention, and three studies 43 55 56 used a different "pre and post" design whereby two groups were given the intervention at different times and the two groups were compared at the completion of the study. 
Risk perception measures
A range of self-reported measures of perceived risk were used across studies, including categorical and continuous variables, and both absolute and comparative risk estimates. Perceived risk was measured using scales of various length, ranging from 1 to 5 items; 17 studies (41%) 17 
Impact of cancer educational interventions on risk perception
Level of perceived risk
Six RCTs reported the impact of educational interventions on the level of risk perception; four of these were able to be summarised as the standardised mean difference between treatment group means, standardised by the standard deviation at follow-up pooled across treatment groups ( Figure   1 ). Three of the studies reported short-term (<=3 months) effects. The pooled result indicated no short-term effect of these interventions (standardised mean difference 0.05 (95% CI -0.24, 0.34);
p=0.74).
Two trials reported long-term effects (>3 months); one after 6 months follow-up 20 and one after 9 months follow-up 18 ( Figure 1 ). The pooled long-term effect was small (standardised mean difference -0.37; (95% CI -0.98, 0.24) and not statistically significant (p=0.23). There was significant heterogeneity of effect sizes between studies (χ 2 = 25.73; df = 4; N=5; p<0.0001);
however, it was difficult to explore sources of heterogeneity due to the small total sample.
Two RCTs 23 25 that measured mean level of risk perception were not included in Figure 1 ; the study by Green and colleagues 23 did not report a standard deviation, and the study by Kash et al. 25 reported a risk perception score range. Green's study 23 found high risk participants' perception of risk of developing breast cancer decreased significantly from 62 to 56 (on a scale of 0-100) (p=0.006) after either counselling or computer programme use. Kash's study 25 also concluded that the psycho-educational intervention significantly reduced perceived risk (mean perceived score decreased from 51% -60% at baseline to 21% -30% at 6 weeks, 6 months and 1 year; p<0.01), which had been highly overestimated by women prior to intervention use. One study by Appleton et al. 24 was not clear about how they summarise risk perception so we could not include it in 47 52 reported no statistically significant change. Over the longer term, one study reported a statistically significant change from baseline level of mean perceived risk, 39 and two studies 40 47 reported no change.
Another three studies 29 42 44 did not report standard deviations and thus could not be presented in Figure 2 ; however, each of these studies showed improvements in perceived risk after genetic counselling. Mertens and colleague's 44 found that patient 5-year risk perceptions decreased significantly (-11.5%; p<0.0001) but remained significantly higher than the objective estimates (mean difference 18.7%; p<0.0001). Rantala and colleague's study 29 reported a statistically significant decrease in perceived risk reported by unaffected subjects after genetic counselling (p<0.001). Sagi et al. 42 also found a significant decrease in perceived risk after genetic counselling (t =2.2, df=45, p≤ 0.05).
Risk accuracy
Risk accuracy was described as the level of concordance between perceived risk estimates and calculated or counselled risk estimates (objective risk). However, different epidemiological models of risk and definitions of accuracy were used across studies.
Two RCTs 17 26 assessed the association between educational interventions and risk accuracy ( Figure   3 One prospective cohort study by Alexander et al. 54 reported subjective and objective perceived risk as median risk estimates. This study found that initially, women substantially overestimated their chance of getting breast cancer; however, after an educational intervention, perceived risk shifted closer to the calculated objective risk although remained significantly higher (p<0.0001).
Risk rating
Six studies (three RCTs 22 27 28 and three observational 41 49 51 ) reported the proportion of participants who believed their risk to be moderate or high compared to the proportion whose objective risk was moderate or high (Supplementary table 2) . Most of these studies demonstrated that at baseline, the majority of participants overestimated their risk as moderate or high compared to their objectively calculated risk. In the short term, one RCT 22 and one observational study 41 reported a statistically significant difference in risk ratings (p=0.01; and p <=0.003 respectively). Two other studies 28 49 did not report objective risk to compare with participants' subjective risk.
Predictors of change in perceived risk
Two RCTs and eight observational studies used multiple regression to identify the predictors of improvement in risk perception; Supplementary table 3 shows the statistically significant predictors that were identified. Covariates found to be associated with a change in perceived risk included baseline risk perception, age, ethnicity, and cancer-related worry, among several others. One RCT 21 and one observational study 45 , not presented in the table, found that none of the tested covariates (age, baseline genetic knowledge, educational level) were significantly associated with change.
Baseline perceived risk was the most strongly and consistently reported factor associated with post intervention risk perceptions across studies.
Quality assessment
The quality assessment of included RCTs was summarised in supplementary figure 2. For items related to potential risk of bias due to allocation, nine 17 18 20- The quality assessment of prospective observational studies across eight domains was summarised in Supplementary figure 3. Overall, 75% of these studies were of moderate quality and 25% of weak quality; we found no studies of strong quality. "Selection bias" was the domain in which the studies performed best, and "data collection" was the worst performing domain. More than 70% of the studies used risk perception measures that were not validated.
DISCUSSION
Cancer risk perception is related to quality of life and health behaviours, 7 and the use of educational tools aimed at improving risk perception is becoming more common. The results from this review show that there is no clear evidence to support the effectiveness of educational interventions to improve subjective perception of cancer risk. Despite favourable results from prospective studies, pooled results from RCTs showed that, both in the short and long term, educational interventions did not have a statistically significant impact on level, accuracy or rating of perceived risk perception. The majority of included studies were of moderate quality and selection bias was the domain where most studies (both RCTs and observational studies) performed best.
This review is the first, to our knowledge, to summarise the impact of educational interventions for people with cancer or those at high or moderate risk of cancer, across all types of educational interventions and cancers. Most previously published reviews looked at only one type of educational intervention 10 11 57-59 such as genetic counselling or focused on one type of cancer. 60 One strength of our review was the inclusion of all study designs, as both RCTs and observational studies provided a different perspective. The diversity of educational interventions and risk perception summary measures from the included studies means that some caution is needed in the interpretation of the pooled data. To address this issue, we classified risk perception using three end points (level of risk perception, risk accuracy and risk rating) and we also separated short and long term effects where appropriate. However, our pooled RCT results consistently showed that cancer educational interventions do not have a statistically significant impact on perceived risk.
Our review also has several limitations. First, a search of the grey literature, particularly conference abstracts and unpublished theses, was not conducted, so publication bias could not be completely eliminated. Second, there was an overrepresentation of patients with breast cancer and therefore of women. The generalisability of results to other types of cancer and to men is unclear. Third, in our quality assessment, we relied on information about methodology as reported in the articles. For observational studies, information about confounding and blinding was often missing; we then scored these studies as "moderate" methodological quality without contacting authors for verification. Fourth, some RCTs in our review could not be pooled with results from other studies because of missing data or different measures. Omission of these studies may have influenced the overall pooled results and thus the conclusions of the review. To provide more information about these individual studies, we included brief details on their findings in our manuscript text. Finally, when examining risk accuracy, different methods for defining, measuring and analysing the data were used across studies, influencing our ability to compare changes from baseline.
Unlike the RCTs, many of the prospective observational studies included in this review demonstrated statistically significant improvements in the level, accuracy and rating of perceived risk. It is unclear why there was a discrepancy between the results of RCTs and observational studies. Compared to RCTs, observational studies are considered more prone to bias, such as confounding and publication bias, 61 so we cannot exclude the possibility that bias influenced the observed effects in the observational studies. However, two studies published in The New England Journal of Medicine in 2000 found that observational studies and RCTs overall produced similar results. 62 63 The authors of these findings cast doubt on the ideas that "observational studies should not be used for defining evidence-based medical care" and that RCT' results are "evidence of the highest grade." 62 63 A 2001 study published in the Journal of the American Medical Association concluded that "discrepancies beyond chance do occur and differences in estimated magnitude of treatment effect are very common" between observational studies and RCTs. 64 Another possible explanation could be that the types of interventions differed somewhat across the two study designs;
as a higher proportion of the observational studies (68%) used genetic counselling interventions, compared to 36% of RCTs. Previous systematic reviews and meta-analyses have shown that genetic counselling may be effective in improving risk perception, 59 particularly for breast cancer risk. 57 58 However, a systematic review by Braithwaite et al. 10 found that although genetic counselling improved knowledge of cancer genetics it did not alter the level of perceived risk. Similar to our study results, they found evidence of effectiveness from observational studies but not from RCTs. 10 Perception of cancer risk has been reported to be relatively resistant to change over time. 65 66 This could be explained by two factors: first, people often find information on health risks difficult to understand. 67 68 According to the UK National Cancer Institute, 69 people do not always have a clear understanding of the risks of cancer, or of the likelihood of various outcomes of cancer screening tests and treatments. This could be due to the complexity that is often inherent in information about risk, as well as the need for adequate numeracy and literacy skills to understand the information.
Second, communication of risk information to consumers requires clear presentation and wording,
however, there is no consensus as to which format is most effective in terms of facilitating patient understanding of risk information. perceived risk or risk rating, but this also needs further investigation. As demographic characteristics and psychosocial factors influence changes in perceived risk, future studies should integrate these factors into the design and implementation of educational interventions. Most of the published literature has focused on breast cancer, so studies in other cancers and particularly among men and people of diverse socioeconomic and cultural groups would help to assess the generalisability of findings. Finally, given the promising results from many observational studies with "pre and post" study designs, further investigation of well-designed educational interventions using good quality, randomised controlled trials is warranted. These future research directions will help to clarify the effectiveness of educational interventions for improving cancer risk perception. groups. An odds ratio of greater than 1 indicated increased accuracy in risk perception. Standardized differences were pooled using random effects. Test for overall effect: Z = 1.14 (P = 0.26)
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